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Introduction to Drainage –
i iAncient History

Urban Drainage in 
Ancient Pakistan
Circa 2600 BCE



Introduction to Drainage –
d i i hModern History – Open Ditch

S i D d M d LSerious Dredges Made Large 
Ditches – Cooks, Operators, 
Everybody on Board.



Introduction to Drainage –
d i ilModern History – Tile

Drain Tile Museum
Geneva, New York

Clay – Concrete - Plastic

John Johnston
“F th f Til D i ”“Father of Tile Drainage”

in the United States

Brought Tile Molds to AmericaBrought Tile Molds to America 
in 1838



Introduction to Drainage –
d i il dModern History – Tile Hand Dug

First – Tile Was Hand Dug 
(J t thi k f h d di i 72 il f(Just think of hand-digging 72 miles of 

tile on 320 acres like on the John 
Johnston Farm)



Introduction to Drainage –
d i hiModern History – Machine Dug

Then – Machine Trenching



Introduction to Drainage –
d ili id dModern Tiling – GPS Guided

And Then Plowing In 
With GPSWith GPS



Introduction to Drainage –
Landscapes – Urban/Roads/Agriculture

UrbanUrban

RoadsRoads

AgricultureAgriculture



Introduction to Drainage –
Types

Surface – Channels,
Dit h C l dDitches, Canals, and 
Swales along withg
Various Structures

S b f SSubsurface – Storm                       
Drains, Sanitary Sewer, , y ,
and Agricultural 
D i TilDrainage Tile



Introduction to Drainage –
Controlling the Water Table

Graphics Courtesy of R.J. Oosterbaan



Introduction to Drainage –
Why We Drain.

Four Reasons for Drainage:
1. Making Livable Cities
2. Protecting Roads and Travelers2. Protecting Roads and Travelers
3. Protecting and Enhancing 
H H l hHuman Health
4. Making Agricultural Lands  g g
Available for Food Production 



Drainage & Health: Malaria?Drainage & Health: Malaria?
• 1830’s work stopped on the Illinois‐pp
Michigan Canal because of costs of malaria.

• Illinois had settlements abandoned because• Illinois had settlements abandoned because 
of malaria in 1830’s

• Fort Snelling: 66 cases per 1000 people per 
year between 1829‐1838y

• Dr. Mayo moved here from Indiana to 
l i i 1854escape malaria in 1854.

Slide courtesy of Dr. Bruce Wilson

Malaria in the Upper Mississippi Valley:1760‐1900. Ackernecht, 1945.



Agricultural Drainage Basics –
Elements Effecting Drainage

Five Key Elements Effecting Drainage:Five Key Elements Effecting Drainage:
1. Soils
2 W R i f ll/W l2. Water – Rainfall/Watercycle
3. Topographyp g p y
4. Climate
5 Land Use5. Land Use 



Agricultural Drainage Basics –
ilSoils

SOILS

H d l i S il GHydrologic Soil Groups
HSG Soil textures
A.   Sand, loamy sand, or           
d lsandy loam

B.   Silt loam or loam
C.   Sandy clay loam
D Clay loam silty clay loamD.   Clay loam, silty clay loam, 
sandy clay, silty clay, or clay



Agricultural Drainage Basics –
Water

SCS Type II 
24-hour storm event 

Precipitation 

Table 1.
Precipitation for Different Storm Events

1-Year 2.3 inches

2-Year 2.8 inches

10-Year 4.25 inches

100-Year 6.1 inches

100-year 10-day snow melt 7.05 inches

Northfield, Minnesota, Code of Ordinances >> PART II ‐ NORTHFIELD CODE >> Chapter 
22 ‐ ENVIRONMENT >> ARTICLE VI. ‐ SURFACE WATER MANAGEMENT >> DIVISION 2. 

STORMWATER MANAGEMENT

RAINFALLRAINFALL



Agricultural Drainage Basics –
lWater ‐Watercycle



Agricultural Drainage Basics –
lWater ‐Watercycle



Poorly Drained Soils
in the Upper Midwestin the Upper Midwest

Agricultural land benefiting from improved drainage

Percent
0 or not agricultural

1 - 2
2.1 - 5
5.1 - 10
10.1 - 20
20.1 - 40
40.1 - 60
more than 60

Drainage Class: Poor, Very Poor, Poor/Very Poor, Very Poor/Poor
Hydrologic Group: A/D, B/D, C/D, D
Slope: Less than or equal 2

Courtesy of Dan Jaynes, ARS – Ames, IA



Partitioning of Soil Profile 
d fand Surface Water

Surface Runoff

S
oi

Surface

Drainable Water Soil Particle Soil Particle

Depression Water

l P
rofile W

Drainable Water

Plant Available Water

Soil Particle Soil Particle

W
aterHygroscopic Water

Soil Particle

Slide courtesy of Charles Fritz



iKey Water Storage Categories

Retention – Water stored for extended 
periods of time (weeks or months).periods of time (weeks or months).   
For example a “wet” impoundment with a 
“permanent”, or “normal” pool.  Long‐term 
storage enables substantial evaporation and

Wetland - retention
storage enables substantial evaporation and 
transpiration (volume reduction).

Detention – Water stored for a limitedDetention  Water stored for a limited 
period of time (hours or days).           
For example a “dry” impoundment and the      Wetland - detention

water that is only detained.  Short‐term 
storage does not enable much evaporation 
and transpiration (volume reduction).p ( )

Maple River Dam - detention
Slide courtesy of Charles Fritz



i h b f iWithout Subsurface Drainage

Surface Runoff

S
oi

Surface

Drainable Water Soil Particle Soil Particle

Depression Water

l P
rofile W

Drainable Water

Plant Available Water

Soil Particle Soil Particle

W
aterHygroscopic Water

Soil Particle

Hygroscopic and Plant Available Water =

Retention Storage
Drainable Water and Surface Depression Water =

Retention StorageRetention Storage Retention Storage

Slide courtesy of Charles Fritz



With Subsurface DrainageWith Subsurface Drainage

Surface Runoff
Depression Water

Open

Drainable Water

Plant Available Water

Soil Particle Soil Particle

p

Plant Available Water

Hygroscopic Water Soil Particle

Hygroscopic and Plant Available Water = Drainable Water and Surface Depression Water =

Retention Storage Retention Storage
Drainable Water and Surface Depression Water =

D t ti StDetention Storage
Slide courtesy of Charles Fritz



Fate of Drainable Soil Profile and 
fSurface Depression Water

2) T i1) Evaporate 2) Transpire

SurfaceDepression Water

S
oil P

rofi

Drainable Water Soil Particle Soil Particle

le S
torage

Plant Available Water

Hygroscopic Water
Soil Particle

eyg p

3) Infiltrate 4) Drain via Tile

Slide courtesy of Charles Fritz



Agricultural Drainage Basics –
hTopography

Topography
– Friend or Foe?Friend or Foe?



Agricultural Drainage Basics –
liClimate

The Climate “is a changin’!”



Agricultural Drainage Basics –
dLanduse

TR-55 Runoff Curve Numbers for Cultivated Agricultural Lands



Agricultural Drainage Basics ‐
Purpose of Ag Drainage

The US Environmental Protection 
Agency says:Agency says: 

“The purpose of p p f
agricultural drainage
is to remove excessis to remove excess 
water from the soil in
order to enhanceorder to enhance 
crop production.” 



Agricultural Drainage Basics –
h ld l f ih ld l f i

i l h i f d

The Golden Rule Of DrainageThe Golden Rule Of Drainage

Drain only what is necessary for good 
soil conditions and crop growth …     p g
and not a drop more. R. Wayne Skaggs 



Agricultural Drainage Basics –
Concerns About Drainage

1. Increased loss of Nitrate and other 
soluble constituents.soluble constituents. 

2. Increased total runoff contributing 
i d fl dito erosion and flooding 

downstream.



Introduction To 
Subsurface Drainage Design –Subsurface Drainage Design 

Controlling the In‐Field Water Table



Introduction To Subsurface Drainage 
Design – Design Flow Chart

Collect 
Background 
Information 
(soils, topo, 

Is Drainage 
Needed?????       

If no, then do not 
design

Confirm Outlet –
Capacity and 

Availability          
If no, then do not ( p

crops, etc.) design. design.

Select DrainageSelect Drainage 
Coefficient, 

Spacing, and 
Depth

Develop System 
Layout

Determine 
Grades and 

Depths

Determine Drain InstallationSizes Installation

Adapted from design by Gary Sands



Introduction To Subsurface 
i iDrainage Design – Layout

Common Tile DesignCommon Tile Design
Strategic/Get drains under wet spots.

Connect low spots with single tilesConnect low spots with single tiles
Placed pattern tile laterals on grade (going 
downhill) and mains at the bottom of hilldownhill) and mains at the bottom of hill  



Introduction To Subsurface 
i i ( )Drainage Design – Layout (cont.)



Introduction To Subsurface 
Drainage Design – Layout (Cont.)

Best Tile Layout 
Still gets drains under wet spotsStill gets drains under wet spots.

Placed pattern tile laterals on contour  
and mains going down hill (on grade)and mains going down hill (on grade).  



Introduction To Subsurface 
Drainage Design –

The Golden Rule of DrainageThe Golden Rule of Drainage
Drain only what is necessary for good 
soil conditions and crop growthsoil conditions and crop growth …     
and not a drop more. R. Wayne Skaggs 

This is a risk tolerance issueThis is a risk tolerance issueThis is a risk tolerance issue This is a risk tolerance issue 
for the producer!  for the producer!  pp



Introduction To Subsurface 
i i lDrainage Design – Tools

DrainMod ‐ NCSU, Skaggs, etal.
Slide Calculator – UMN PrinscoSlide Calculator  UMN, Prinsco
SDSU Drain Spacing Calculator ‐
SDSU



Introduction To Subsurface 
i i lDrainage Design – Tools (Continued)



Introduction To Subsurface 
i i lDrainage Design – Tools (Continued)



Introduction To Subsurface 
i i lDrainage Design – Tools (Continued)



Introduction To Drainage Water 
Management (DWM) Design

Drainage Water Management  is:
“the process of managing tile drainage 
water discharges from surface and/orwater discharges from surface and/or 

subsurface agricultural drainage 
systems.” (NRCS CP 554)



Water Management for Ag Production  
h llChallenges & Opportunities

Drainage?Drainage? Irrigation?Irrigation?(in
)

ET = Evaporation + Plant Transpiration

gg gg

nd
 E

T
(

Annual Crop
ET

ci
p

an Precipitation

Native Veg ET

Pr
e

J     F     M     A     M     J     J     A     S     O     N     D

Slide courtesy of Dr. Gary SandsSlide courtesy of Dr. Gary Sands



Introduction To Drainage Water 
( )Management (DWM) Design

1 Improve water quality by reducing nitrate

Potential Benefits of Managing Tile Drainage:
1. Improve water quality by reducing nitrate 

loading to surface waters.
2 Improve the soil environment for vegetative2. Improve the soil environment for vegetative 

growth.
3 Reduce the rate of soil matter oxidation3. Reduce the rate of soil matter oxidation.
4. Reduce wind and water erosion.
5 Enable seasonal soil saturation or shallow5. Enable seasonal soil saturation or shallow 

ponds.
6 Reduce drainage contribution to peak flows6. Reduce drainage contribution to peak flows.   

Adapted from DWM Plan Template



Introduction To Drainage 
Water Management (DWM) –Water Management (DWM) 

Design Flow Chart
Collect 

Background 
Information 
(soils, topo, 

Is Drainage 
Needed?????       

If no, then do not 
design

Confirm Outlet –
Capacity and 

Availability         
If no, then do not ( p

crops, etc.) design. design.

Select DrainageSelect DrainageDevelop SystemDevelop System Select Drainage 
Coefficient, 

Spacing, and 
Depth

Select Drainage 
Coefficient, 

Spacing, and 
Depth

Develop System 
Layout with with 

Management Management 
ZonesZones

Develop System 
Layout with with 

Management Management 
ZonesZones

Determine 
Grades and 

Depths

Determine 
Grades and 

Depths

Determine Drain 
Sizes and Control 
St t d i InstallationStructure design 

and operation 
plan.

Installation
Adapted from design by Gary Sands



Introduction To Drainage 
Water Management (DWM) –Water Management (DWM) 

Management Zones

Management Zones are an area in a field that are defined 
by the water table elevation change created by a Structureby the water table elevation change created by a Structure 
for Water Control installed on a subsurface drainage 
system.  

Graphics Courtesy of Agri Drain, Inc ‐ www.agridrain.com 



Introduction To Drainage 
Water Management (DWM) –Water Management (DWM) –

Management Zones

Agri Draintm Stop Log Water 
Control Structure

Agri Draintm Water Gate Inline 
Water Control Structure



Introduction To Drainage 
Water Management (DWM) –Water Management (DWM) 

Management Zones

• One field - two 
Management 
Zones.

• 51 acres controlled 
b t t tby two structures.

• Could use two 
different types ofdifferent types of 
structures or two 
different elevationdifferent elevation 
change settings in 
one type of 
structure.   

Graphic from DWM Plan Example



Introduction To Drainage 
Water Management (DWM) –Water Management (DWM) 

Considerations
1 S b f DWM k b t fi ld ith l1. Subsurface DWM works best on fields with slopes 

between 0 and 5%. (NRCS CP 554)
2 D i t d i t ith th l t2. Design to manage drainage water with the least 

number of structures.  
3 D id f t f f ll f DWM 1 0 t 1 5 ft3. Decide feet of fall for DWM zones. 1.0 to 1.5 ft 

zone elevation change is optimum (2’ max to sell 
th tithe practice.  

4. Narrower spacing reduces the risk of yield loss 
d t t d i th idue to excess wetness during the growing season.

5. When designing new systems put laterals at 
i i d th t d i thminimum grade on the contours and mains on the 

grade.  



Introduction To Drainage 
Water Management (DWM) –

CAP 130 DRAINAGE WATER

Water Management (DWM) 
Conservation Activity Plan (CAP)

CAP 130 DRAINAGE WATER 
MANAGEMENT PLAN 

“The objective of Drainage Water j g
Management (DWM) is to control soil 

t t bl l ti d th ti iwater table elevations and the timing 
of water discharges from subsurface 

or surface agricultural drainage 
systems ”systems...  

From Minnesota CAP 130 Criteria



Added Attraction ‐ CP 739  Interim 
Practice ‐ Denitrifying Bioreactor

Descriptive illustration of a woodchip bioreactor (image by John Petersen, www.petersenart.com)



CP 739  Interim Practice ‐
f ( )Denitrifying Bioreactor (cont.)

Denitrifying BioreactorsDenitrifying Bioreactors
Are an edge‐of‐field practice to help remove nitrates that leach into tile drains.
Consist of a non‐porous plastic‐lined trench filled with woodchips and covered
with soilwith soil.
Receive a portion of the tile water which is diverted to flow through the
woodchips before entering surface water. A control structure determines the
amount of tile flow that is diverted into the bioreactor. During periods of high
flow, excess water bypasses the bioreactor and continues to flow through the
existing field tile.
Create a gathering place for micro‐organisms from the soil and tile water that
colonize the woodchipscolonize the woodchips.

Some of them break down the woodchips into smaller organic particles.
Other micro‐organisms “eat” the carbon produced by the woodchips, and
“breathe” the nitrate from the water. Just as humans breathe in oxygen
and breathe out carbon dioxide, these microorganisms breathe in nitrate
and breathe out nitrogen gas, which exits the bioreactor into the
atmosphere.

Through this process, nitrate is removed from the tile water before it can enterThrough this process, nitrate is removed from the tile water before it can enter
surface waters.
The bioreactor has no adverse effects on crop production and is designed in a
way that it does not restrict drainage.



“… bioreactors in Illinois (italics mine) have cut nitrate 
flows significantly, Cooke says. “During ordinary flow 

i d h 60% f h i i d fperiods, more than 60% of the nitrate is removed from 
tile drains.”                    The Farmer Magazine, 11‐25‐11

“Iowa State University water resources engineer Matt 
Helmers says woodchip bioreactors can remove fromHelmers says woodchip bioreactors can remove from 
15% to 60% of the annual load of nitrate from drainage 
water in tile lines Helmers says there's still much to bewater in tile lines. Helmers says there s still much to be 
learned about bioreactors and how to maximize their 
performance ” Corn and Soybean Digest 3‐1‐08performance.              Corn and Soybean Digest, 3‐1‐08



CP 739  Interim Practice ‐
f ( )Denitrifying Bioreactor (cont.)

Design Methods have been put forth 
by both the University of Illinois andby both the University of Illinois and 
Iowa State University.  

These processes have been refined 
as new data has become availableas new data has become available. 



CP 739  Interim Practice ‐
f ( )Denitrifying Bioreactor (cont.)

University of IllinoisUniversity of Illinois



CP 739  Interim Practice ‐
f ( )Denitrifying Bioreactor (cont.)

Iowa State University



For More Information Check Out This 
W b itWebsite:

https://engineering.purdue.edu/watershed
/ ti d i /bi t ht ls/conservationdrainage/bioreactors.html



New Conservation Practice –
Vegetated Subsurface Drain Outlet

aka “Saturated Buffer”
Interim Conservation Practice Standard 739Interim Conservation Practice Standard 739
First demonstration by Iowa State University 
t ti i 2011 l B C kstarting in 2011 along Bear Creek
First demonstration in Minnesota near 
Granite Falls on Doug Albin farm – fall 2012
ADMC has a Conservation Innovation GrantADMC has a Conservation Innovation Grant 
for 3 demo sites each in IA, IL and IN



3 chamber control
box

Courtesy of Dr. Dan Jaynes, USDA-ARS, Iowa State University



Courtesy of Dr. Dan Jaynes, USDA-ARS, Iowa State University



Courtesy of Dr. Dan 
Jaynes, 
USDA-ARSUSDA ARS, 
Iowa State University



Induced Seepage Flow Effects and 
Considerations

b) Enhanced denitrification) E h d t k b) Enhanced denitrificationa) Enhanced uptake

c) Surface discharge d) Channel slumping?c) Surface discharge d) Channel slumping?

Courtesy of Dr. Dan Jaynes, USDA-ARS, Iowa State University


